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Pro nékteré nejsou hory a vysoka nadmorska vyska problém...




Hory zabiraji 40 mil km? = 27% zemského povrchu

38 mil lidi zije trvale ve vyskach nad 2440 m n.m.

Kazdy rok navstivi hory nejméné 100 mil turistud

Od roku 1994 do roku 2000 narostl pocet turistd v Nepalu o 450%

Od roku 1950 do roku 1990 se o nepalské osmitisicovky pokusilo 19 810 lezcU
Od roku 1990 do roku 2006 30 141 lezcu
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>50 miliont turistt navstivi rocné vysokohorské prostredi

NATIONAL
GEOGRAPHIC
MAGAZINE




Kazda cesta do nadmorské vysky >2500 — 3000 m n. m. je spojena
s rizikem rozvoje nékteré z forem vyskové nemoci:

e Acute mountain sickness (AMS)
* High-altitude pulmonary edema (HAPE)

* High-altitude cerebral edema (HACE)
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. The Chinese Commission will in such circum-
stances be left to starve among the hills and valleys, begging
food to sustain life, with no means of obtaining it. In some
ten or twenty days men and animals will die in the desert, and
be never more heard of. Again, on ing the Great Headache
Mountain, the Little H&ﬂﬁ%:;: ountain, the Red Land, and
“the Fever Slope, men's bodies become feverish, they lose colour,
and are attacked with headache and vomiting ; the asses and

cattle being all in like condition. Moreover there are three
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untain sickness was certainly experienced by people before the dawn of do
ited history which was about 6000 years ago. Therefore, it is surprising to f
v a few fragments in the written record about this sickness prior to the seventee
ury. We can speculate that perhaps some ancient reports and descriptions w
royed in the fabulous library at Alexandria, or that perhaps there are sc

MOUNTAIN SICKNESS: THE CHINA STORY

TABLE 1
Proper names of sites

317

Modern name Alternate name
Afghanistan Ke-pin

Anxi Ansi

Dunhuang Tunhwang

Hindu Kush Hsientu

Hotan Khotan

Kashi Kashgar

Kongur Shan Kongur Mountain
Shache Yarkand

Sinkiang Chinese Turkestan
Taxkorgan Tash Kurghan
Turan Turfan

Xian Sian

I
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Fig. 3. Altitude profile of the Kashi-Gilgit-Chitral-Kabul route or Route A. The altitudes and distans
were estimated from several contour maps (Maps of Asia, 1980, 1981a,b,c, Maps of India and Pakist:
1955, 1962a,b). The pass near the Muztagata Peak is the Ulugh Rabat Pass (Tilman, 1949). 1

contour interval was either 1000 or 2000 ft. The altitude profile was subjected to a smoothing proc
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. Humans

B Neanderthals
Early homimids

The migration of Homo sapiens.

SN . L .. , . \
* Clovék se NEvyvinul primarné pro zivot ve vysokohorském prostredi /—.
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Genetics Of Human Origin and Evolution: High-Altitude Adaptations .
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Andean Altiplano '

ADRA 1B, ARNT2, ATP1A1, ATP1A2,
CDH1,COPS5, CXCR4, EDN1, EDNRA,
EDNRB, EGLN1, EGLNZ2, ELF2, IGFBP1,
IGFBP2, ILTA, IL1B, IL6, KCNMAT,
MDM2, MMP2, MTOR, NOS1, NOS2,
NOTCH1, NRP1, NRP2, PIK3CA,
POLR2A, PRKAAT , PRKAA2, PSMC3,
SATB1, 5NAI3, SPRY2, TF, TGFA, TNC,
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ADM, ANG, ARNT, ARNT2, ATP18B1,
BNIP3, CITED2, CXCR4, E2F 1, EDN1,
EDNRA, EDNRB, EGLN1, EGLNZ,
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Semien Plateau

Lok,
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Tibetan Plateau

ADRA1B, ARNT, ANGPTL4, CASR,
COPSS5, EDN1, EDNRA, EGLN1, EGLN3,
EP300, EPAS1, EPO, FLT1, HBB, HBGZ,
HIF1A, HMOXZ2, IGFBP1, IGFBP2, IL1A,
IL18B, IL6, MDM2, NOS1, NOS2, NRP1,
NRPZ, PDGF2, PGF, PIK3CB, PIK3CG,

| PKLR, POLR2A, RBX1, TNC, TNF,

= VEGFA, VEGFC, PPARA
TNF, VEGFA P { EGLN3, EIF4E, EPAS1, EPO, FLTI, o i )

HIF 1A, HIF3A, HYOU 1, KCNMAT,

MMP2, NOS1, 059, PDESA, PGF,

PIK3CB, PRKAAT, SOD3, SPRY2,

|
\_TGFBI, TH, VEGFA, VHL 2
* Geneticky podminéné zmény v HIF pathway
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Human high-altitude adaptation: forward
genetics meets the HIF pathway

Table 1. Physiologic adaptations to high-altitude hypoxia among high-altitude populations

Phenotype Andean Tibetan Ethiopian
Resting ventilation No increase 50% higher NR

Hypoxic ventilatory response Blunted (low) Similar to sea level NR

Arterial oxygen saturation Elevated No increase Elevated
Hemoglobin concentration Elevated Minimal increase Minimal increase
Pulmonary arterial pressure Elevated Minimal increase Elevated

Nitric oxide Elevated Markedly elevated NR

Birth weight Elevated Elevated NR

(NR) Not reported.

 Zmeény v makro i mikrovaskulature
e Koncentrace hemoglobinu

Carotid bod v . ; .
an.mm.m%\ « Zmény minutové ventilace
Lungs - H

HI'FIE}_TF 1A P::zl:tmna, HIF1A

Skeletal — -Bone marrow
Muscle PHDZ, HIF1A
HIF1A
PDK1
Kidneys - -Vasculature
PHD2, HIF2A HIF1A, HIF2A
EPO VEGFA, NOS2
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Convergent evolution in human and
domesticate adaptation to high-altitude
environments

Kelsey E. Witt' and Emilia Huerta-Sanchez'%3

RYRZ/RYR3/

B Andean Altiplano

B Ethiopian Highlands

B Tibetan Plateau

genelic convergence

—— - similar genes
same gene
EPASI

region v

EPASI
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Machu Picchu 2015

" *&f Original Chinese tourist
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JAK SE JIMENUIJE TATO HORA?
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Mt Everest Base Camp Medical Clinic “Everest ER”:
Epidemiology of Medical Events During the
First 10 Years of Operation

Wty

5364 m n.m.
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Mt Everest Base Camp Medical Clinic “Everest ER”:
Epidemiology of Medical Events During the
First 10 Years of Operation

Table 1. Categories of medical diagnoses seen at the Everest

ER, 2003-2012

Diagnosis category Number Percent
Pulmonary 1164 38.2
Gastrointestinal 480 15.8

Ear, nose, throat 439 14.4

Neurology 199 6.5
Musculoskeletal 144 4.7
Constitutional 139 4.6
Dermatology 106 3.5 -
General 81 2.7

Dental 70 2.3 N
Eye 51 1.7 d e 1
Cardiovascular 50 1.6

Psychiatric 42 1.4 N
Genitourinary 40 1.3 -
Allergic/immunologic 15 0.5

Endocrine 13 0.4

Toxicology 11 0.4
Hematologic/lymphatic 1 0

Total 3045 100
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Co vam hrozi pri pobytu v horach?




* Mirnou formou AMS postizen kazdy druhy cestovatel
 Pticestach do vysek 4000 — 5000 m n. m. je Sance na umrti 3/100 000
e Tolerance nadmorskych vysek souvisi spisSe s:

Individualni vhimavosti

(Vékem)

Stupném fyzické zateze j

/M

° (VTR - 7 . /
Prilis nesouvisi s: -

A
Fyzickou kondici AT




* % O, vatmosféfe se neméni
* Nelinearné klesa atmosfericky tlak (pg)

1/3 Ps ’ | Klesa parcialni tlak 02 (p,,)

8848 m n.m.

Klesa vihkost vzduchu

1/3 po;

Hypobaricke prostredi
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Altitude, m

| Spo; |
5500 70-80%
4500 75-85%
3500 82-88%
2500 90-95%

1500 93-97%

Sea level >96%

Figure 2. Expected Changes in Resting Oxygen Saturation with Increasing
Altitude.
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v oblasti kolem rovniku P
v [été nez v zimé ’/ﬁL_oLgr,o.: sepsis

Barometricky tlak je vdané nadmorské vysce vyss
Barometricky tlak je vdané nadmorské vysce vyss
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CFEN a ACCESS Frowly available onls

A Prospective Epidemiological Study of Acute Mountain
Sickness in Nepalese Pilgrims Ascending to High Altitude
(4380 m)

Table 2. Statistical relationships between dichotomous variables

5000+
4000+
5 I
< 3000- _
° Gosainkunda

1]

nd the incidence of acute mountain sickness (AMS) in Nepalese

pilgrims upon arrival to Gosainkunda (4380 m).
S Category Subcategory Sample size (n (%)) x? Relative Risk
Total AMS+ Statistic p-value Statistic 95% CI
o Sex Male 344 (70.1) 100 (29.1) '
Female 147 (29.9) 67 (45.5) 12.5% =20.,001 1.57* 1.23, 2.00
Age =35 years 261 (53.5) 63 (24.1)
>35 years 227 (46.5) 104 (45.8) 253 <0.001 1.63% 1.36, 1.95
: Smoking Yes 147 (29.9) 42 (25.1)
No 344 (70.1) 125 (36.3) 277 0.096 1.27 0.95, 1.70
= Ascent® 2 days 366 (80.3) 113 (30.9)
i 1 day 90 (19.7) 38 (42.2) 4.20* 0.040 1.37* 1.03, 1.82
First ascent to No a5 (17.3) 23 (27.1)
Pl Gosainkunda?
Yes 144 (35.5) 2.21 0137 1.31 0.90, 1.90

e e
e el 1 .
"

Cdunns: The incid

406 (82.7)

i

ence of AMS upon re;t.:ﬁing

AT

o

' was 34% in a-large population of Nepalese iI

= o Rl ___":_ g

i g

rims. Sex, age,

and ascent rate were significant factors in the development of AMS, and traditional Nepalese remedies were ineffective in

the prevention of AMS.
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Arterial Blood Gases and Oxygen Content

in Climbers on Mount Everest

|P1Oy, 31.3 mm Hg

9000 —
Camp 3
Pe, 317 mm Hg
2000 P10, 56,5 mm Hg
Camp 2
70004 Pe, 350 mm Hg
PiO,, 63.4 mm Hg
E 5000 Base Camp
W Ps, 403.5 mm Hg
3 PIO,, 74.7 mm Hg
& 50001 =
<

4000+ Kathmandu

Ps, 650 mm Hg
PiD,, 126.2 mm Hg

3000+
2000+
London
1000 Pa, 754 mm Hg
P10, 148.0 mm Hg
0 T ) T T T T T T

0 10 20 30 40 50 80 70
Days

Arterial blood sampling

it of
Summit o taken at the Balcony

Mount Fuerest

Altitude (m)
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8000+

7000+

6000+

5000+

4000+

3000

Summit*®
Pa, 253 mm Hg
PIO,, 43.1 mm Hg
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Pe, 272 mm Hg
PiQ,, 47.1 mm Hg
e g

Camp 4
Pa, 292 mm Hg
PiQ,, 51.3 mm Hg

Camp 3
Pe, 317 mm Hg
PiC,, 56.5 mm Hg

Camp 2
Pe, 350 mm Hg
PIC,, 63.4 mm Hg

Base Camp
Ps, 403.5 mm Hg
P1Q,, 74.7 mm Hg

Kathmandu

Pa, 650 mm Hg
P10, 126.2 mm Hg
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Ascent to

alfitude

‘ _ Acclimatization
Hypoxia
(low Po,)

| Decreased

Carotd body |
stimulafion
Table 2. Arterial Blood Gas Measurements and Calculated Values for Pulmonary Gas Exchange from Four Subjects
‘ at an Altitude of 8400 m, during Descent from the Summit of Mount Everest.*
Rmmm center Variable Subject No. Group Mean
stimulation 1 2 3 4
+ pH 7.55 7.45 7.52 7.60 7.53
PaO, (mm Hg)t 29.5 19.1 21.0 28.7 24.6
Irmusgd PaCO, (mm Hg) 12.3 15.7 15.0 10.3 13.3
ventition Bicarbonate (mmol/liter): 10.5 10.67 11.97 9.87 10.8
% Base excess of blood: -6.3 -9.16 -6.39 -5.71 -6.9
|M|]'0'u'&d Lactate concentration (mmol/liter) 2.0 2.0 29 1.8 2.2
h]fmliﬂ Sa0, (%)+ 68.1 34.4 43.7 69.7 54.0
Hemoglobin (g/dl)§ 20.2 18.7 18.8 19.4 19.3
Respiratory exchange ratiof 0.81 0.74| 0.72 0.70 0.74
PAO, — mm Hgj** 324 26.9 27.4 33.2 30.0

Alveolar—arterial oxygen difference — mm Hg 2.89 7.81 6.44 4.51 5.41




Fyziologicka reakce organizmu na vysku:

Zvyseni tepoveé frekvence
(0 20 tepl/min)

Zvyseni minutové ventilace

/7 Vv 7 .

Zvyseni diurézy

Cheyne-Stokesovo dychani ve spanku ///‘:
P
: . . e
Pocit dusnosti | s

Podivné sny —-




Fyziologicka reakce organizmu na vysku:

v Rt CEREBRAL. BLOOD FLOW

Low
Altitude

High Altitude
(Hypoxia)

i/
)

II: i -

B

= 0 AR AR R
HEART RATE
CARDIAC OUTPUT :

' STROKE VOLUME >

BICARBONATURIA

PLASMA VOLUME

F"'EPO Y

Minutes




Fyziologicka reakce organizmu na vysku:

Metabolicky obrat, tyroxin, hladiny katecholamint 4

Vy3$8i dependence na karbohydratech ( 4anaerobni metabolismus,4 laktatu)
(po nékolika tydnech aklimatizace: laktatovy paradox)

| plazmaticky objem (4#mocovy vydej,4 ztrata vody respiraci)

Kratkodoby vzestup Hb

Po tydnech pobytu:4 EPO, Hb, HCT)

e Ztrata svalové hmoty

Po 6-10 dnech:

« 4 A-V O, diference

200
100

Heart Rate (beats/min)
Sea Level VO, max (%)
w D 10 20 30 40 50 &0 70 B0 %0

A Hemaglobin &,
Primary Facton And
% Mgt ) & Muximad Cardiac
Outpt
ﬁkﬂx S0 100 Lot x] S000 ] Lol 000 BOO0
Sea Level VO, max (%) Altitude (m)

Redukovana vykonnost pri sub i maximalni zatézi
‘1, Qmax= ¢,HR x‘l, SV



Deaths on Everest |
Climbers A Sherpase Tsewang Paljor

Summit, p laag 3 AL o i
8848m ~

i

Camp IV, p
7906m

Source: Richard Salisbury and Elizabeth
Hawley, Himalaya Database. Mote: In some |
cases, multiple deaths in one location eg in ® ®
2015 an earthquake killed 18 {Credit: Nigel A
Hawtin) @
LT 1 L] e ——— I —
6474m .

Campl, p
6035m

A w
. L.i‘....'. Ll

A
r'y
F' Y - ‘ !I:.Jl » Il'.
L
Base camp, 18

A
A ]
5270m» 3 ALA A @
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Deaths on Everest

How did they happen? Where did they come from?

Ascending in e Banglaceshl |
summit bid 20 O Pagnns
Chiall |
Darurrark
Findaradl

Descending from ety —_—
Ium!”!s bid 90 . Siospniall

"|-'.-"|':'I|I

Lrninnll

Wil Ll |-.'|
Augniall

S Caoch Republic @

Expedition o alien o, ripiny B Most common causes of death?
ﬂunuutlnn 1 1 : Toewanill

Yugaslaaall Avalanche (29%)
k. p .Pl':“.ll',:E Other [:7%}
i M Sl
Hﬂutl _:_ LI .|||.Il|.|-
El‘ﬂ'liﬂrﬂﬂﬂﬂ 120 e et ® gt l;,'.'r':l-'l.l-lﬂ..-.l-n.l-
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Fryisa) o I Fall tzaﬁj

II-.-.... Souch r:r__n'l_'|_ Exp'ﬂﬂurﬂf

o I
At Base Cﬂ"‘_l_li.t 36 iy - Frostbite (11%)
Enrouteto " —
Base Camp B Japan — &
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Evidence of Brain Damage after High-altitude Climbing
by Means of Magnetic Resonance Imaging

Nicolds Fayed, MD,” Pedro J. Modrego, MD," Humberto Morales, MD®

Table The most common abnormalities found on brain MRI by expediations

Number of climbers by every expedition and number of climbers showing abnormalities

Everest Aconcagua Mont Blanc Kilimanjaro
Type of abnormality (n = 13) (n = 8) (n=17) (n=17)
Cortical atrophy 8 8 1 0
Enlargement of VRS 11 7 2 1
Subcortical lesions 1 (amateur) 4 1 0
Normality in the MRI scan 1 0 4 5

VRS = Virchow-Robin spaces.
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Kontraindikace vystupu do vysokych vysek

The NEW ENGLAND JOURNAL of MEDICINE

“ REVIEW ARTICLE ”

C. Corey Hardin, M.D., Ph.D., Editor

Medical Conditions and High-Altitude Travel

Andrew M. Luks, M.D., and Peter H. Hackett, M.D.

\/.
—
l!\ COLOURS OF SEPSIS



VySce nad 5300 m n.m. se nelze prizpusobit,

Ize ji jen kratce tolerovat. A ——



Tipy na aklimatizaci pred/béhem vystupu

* Ascend gradually, if possible. Avoid going directly from low elevation to more than 9,000 ft (2,750 m) sleeping elevation in 1 day.
Once above 9,000 ft (2,750 m), move sleeping elevation no higher than 1,600 ft (500 m) per day, and plan an extra day for
acclimatization every 3,300 ft (1,000m).

® (Consider using acetazolamide to speed acclimatization if abrupt ascent is unavoidable.
* Avoid alcohol for the first 48 hours; continue caffeine if a regularuser.
® Participate in only mild exercise for the first 48hours.

* Having a high-elevation exposure (greater than 9,000 ft [2,750 m]) for 2 nights or more, within 30 days before the trip, is useful,
but closer to the trip departure is better.

Everest  gaqam /

(MWepal) Death Zone
i B000 mm_ concenirofion of Fhis allifude is so low,
EMS?;E:?FN e rwt hﬁﬂﬂhl:: enough oxygen 1o buld new
fiszue, bodhy continually wither
wntil dealh.
AConcagua ESE2m
[Argentina) -
Huascardn _6768m
(Peru)
MtElbert 4401m Mony will axpersence unconsciousness of Fhis altibede
({Calarada) lnﬂrﬂﬂﬂr-ﬁ:ﬂnﬂ ﬂ;-m nﬂﬂ:lnh
Mt Robson - 32 Very High altitude
(British Colombia) I g — (300 SO0
Mt Columbia
(Alberta)

Altitude =



Translacni vyzkum
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RESEARCH ARTICLE

Design and conduct of Caudwell Xtreme
Everest: an observational cohort study of
variation in human adaptation to progressive
environmental hypoxia
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4,090

3,960




Result Distribution Copa Libertadores - Plot 1

Results

B Away Win B Draw B Home Win

100%

90%

80%

70%

60%

50%

40%

% of Total Total Games

30%

20%

10%

0%

High Altitude Low Altitude

e Statisticky vyznamna vyhoda pro domaci tymy hrajici ve vysoké nadmorské vysce
* Nepatrné vyssi Sance na vyhru pro tym majici stadion ve vyssi nadmorské vysce

* (platii pro Champions League) \‘ﬁ-
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